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Abstract. Beside their use as a food additive, Capsicum (due to its cap-
saicin content) is currently used for various therapeutic purposes such 
as asthma, coughs, sore throats, to relieve toothaches, counter-irritant 
balm for external application, to alleviate pain in shingles, rheumatoid 
arthritis, diabetic neuropathy, etc. The pungent components responsi-
ble for the medical uses are the alkaloids called capsaicinoids. Isolation 
of capsaicin from Capsicum fruits was described by many authors with 
different methods of extraction. The most used methods are macera-
tion, Soxhlet extraction, supercritical fluid extraction (CO2) and ultra-
sound. The aim of this study was to apply and compare three extraction 
methods of capsaicin from Capsicum fruits, in order to find the most 
suitable method and appropriate organic solvents. The qualitative and 
quantitative estimation of this substance was realized by Thin Layer 
Chromatography (TLC) and High Performance Thin Layer Chromatog-
raphy (HPTLC). The amount of capsaicin in each extract varied from 
0.009% to 0.052 %.The most easy and appropriate methods were mac-
eration and Collins[22]. The best solvents were ethanol and methanol. 
 
Key words. Soxhlet, TLC, HPTLC, ethanol extraction, acetonitrile ectrac-
tion, methanol extraction, capsaicin.   
 
Introduction. The medicinal applications of capsaicinoids have brought 
innovative ideas for their use. The medicinal use of Capsicums has a long 
history, dating back to the Mayas who used to treat asthma, cough and 
sore throats. Chili pepper is historically associated with the voyage of 
Columbus, he was given credit for introducing chili to Europe, and subse-
quently to Africa and to Asia [1, 2]. (E)-N-[(4-hydroxy-3-methoxyphenyl)
methyl]-8-methylnon-6-enamide,or commonly Capsaicin is the main cap-
saicinoid in chili peppers, followed by dihydrocapsaicin N-[(4- hydroxy-3-
methoxyphenyl)methyl]-8-methylnonan-amide and both of them present 
90% of the total pungency of pepper fruits. These two compounds are 
also more potent to the pungent taste and insensitive nerves compared 
with the minor capsaicinoids: nordihydrocapsaicin(E)-N-[(4-hydroxy-3-
methoxy-phenyl)methyl]-7-methyloctanamide, homo dihydro capsaicin 
and homo capsaicin(E)-N-[(4-hydroxy-3-methoxy phenyl) methyl]-9-
methyldec-6-enamide[1, 7, 17], Figure 1. The seeds are not the source of 
pungency, but they occasionally absorb capsaicin because they are in 
close proximity to the placenta. No other part of plant produces capsai-
cinoids [1, 2, 4]. Capsaicin is known to be effectively absorbed topically 
from the skin. Topical creams of capsaicin are used for therapeutic pur-
poses to treat pain peripherally in diseases such as rheumatoid arthritis, 
diabetic neuropathy (0.075% cream 3-4 times daily for eight weeks), 
osteoarthritis (0.025% cream four times daily), muscle pain, shingles, etc. 
[3, 7, 16]. Capsaicin acts by binding to transient receptor potential vanil-
loid 1 (TRPV1), previously known as the vanilloid receptor, which is main-
ly expressed in the sensory neurons. This receptor is a non-selective, 
ligand-operated cationic channel located primarily in the small fibers of 
nociceptive neurons[8]. When capsaicin binds to TRPV1, there is an in-
crease in intracellular calcium which triggers the release of neuropep-
tides such as substance P and the calcium gene-related peptide (CGRP). 
Binding between capsaicin and sensory neurons produces pain, inflam-
mation and a localized heat sensation[9]. When applied locally to skin, it 
promotes an analgesic response due to the desensitizing of sensory neu-
rons caused by substance P depletion [10, 16]. Chromatographic meth-
ods, in particular TLC/HPTLC and HPLC are used extensively for qualita-
tive and quantitative determination of this principle from the Capsicum 
herb and pharmaceutical products (capsaicin gels) [1, 5, 6, 18].The aim of 
this study was to apply and compare three extraction methods of capsai-
cin from Capsicum fruits consumed in Albania and to find the most suita-
ble method and appropriate organic solvents. It is important to identify 
the highest extract which will serve for dermatological formulation. The 
qualitative and quantitative estimation of this substance was realized by 
Thin Layer Chromatography (TLC) and High Performance Thin Layer Chro-
matography (HPTLC). The simplicity and accuracy of TLC and theHPTLC 
methods in identification and determination of active principles of herbal 
drugs makes them the best alternative in this study. Also these chroma-
tographic methods were selected as more appropriate in the determina-
tion of capsaicin, in the conditions of our laboratories. The results of 
these experiments were expected to give information about qualitative 
and quantitative content of capsaicin on different organic extracts that 
can be used for local application. 
 
Material and methods. In the present work we used dried red chili pep-
pers varieties of Capsicum frutescens purchased from the markets of Fier 
(Albania), in the region where they are grown. The fruits of red chili pep-
pers were ground into a fine powder with the help of a blender in dimen-
sion of 25 µm and were stored in air tight containers. All experiments 
were repeated twice, except the HPTLC analyses that are done three 
times and data on the percentage of capsaicin content are presented as 
the mean of them. All the reagents used in this study were to analytical 
grade. Instruments used were pre-coated silica gel plates PolygranSilG/
UV254(Macherey – Nagel, Germany) – TLC, and pre-coated silica gel GF254 
plates (E.Merck) – HPTLC, CAMAG TLC Scanner 3 equipped with CAMAG 
Linomat 5 sample applicator, CAMAG twin development chambers, rota-
ry evaporator, Soxhlet extractor, electric pulverizer. Samples prepara-
tion. All extracts were obtained from ground peppers. Eight samples 
were prepared for TLC identification and seven samples for HPTLC anal-
yses, with four organic solvents: ethanol, acetonitrile, ether and metha-
nol as below. Ethanol extracts. Ethanol extracts were prepared by three 
methods: Maceration, Soxhlet and Ultrasound. Maceration was made 
according to the methods described elsewhere [5, 17]: 2.5 g of the 
ground Capsicum fruits were macerate in a chemical glass with 25 ml 
ethanol. The drug was let to macerate for 24 hours in the room tempera-
ture. Soxhlet extraction: 5 g of the drug was extracted with 100 ml etha-
nol in the Soxhlet apparatus for three hours from the start of reflux [5, 
12]. Ultrasound extraction: 0.5 g of dried sample was sonicated at 50oC 
with 25 ml ethanol for one hour. The sonication was done divided in 
three times, each one by 20 minutes [20, 21]. All the extracts obtained 
were filtrated. The Soxhlet solution was concentrated to 20 ml by rotary 
evaporation at 60oC. Acetonitrile extracts. Acetonitrile extracts were 
prepared by methods described below and the final solutions were all 
filtrated. 1 g of the ground drug was macerate with 10 ml acetonitrile for 
24 hours. Ultrasound extraction was realized according to this method; 
0.3 g of dried drug was sonicated at 50oC with 15 ml acetonitrile. The 
sonication was also done in three parts each one by 20 
minutes3x20’ [20]. The third method applied was extraction of capsaicin 
as described by Collins et al. In order to extract capsaicinoids, 1 g ground 
sample with 10 ml of acetonitrile were placed in 25 ml chemical glass 
with Teflon –lined. The glass was capped and placed in an 80°C water 
bath for 4 h and swirled manually every hour. The sample was cooled to 
room temperature and filtrated[22]. Ether extracts. Extraction of capsai-
cin was done according the monographs of British Pharmacopoeia and 
European Pharmacopoeia, [6, 12, 13]. 0.5 g of the powdered drug was 
macerated with 5 ml ether, shake for 5 min and filter. Methanol extracts. 
One gram of red chili sample was extracted by heating at 70oC under 
reflux for 10 minutes in 10 ml methanol and after cooling the solution 
was filtrated. The filtrate was evaporated to dryness in a water bath 
(70oC) and diluted in 5 ml methanol [1, 18]. Standard preparation for 
Thin Layer Chromatography (TLC) identification. standard capsaicin 
(natural) was obtained from Sigma Aldrich, India. Ten milligrams of cap-
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saicin was dissolved in a minimum quantity of methanol and add to mark 
in a 10 ml volumetric flask. This formed a 1mg/ml stock solution. Also for 
High Performance Thin Layer Chromatography (HPTLC) were prepared 
the stock solution 1mg/ml by dissolving 10 mg capsaicin with methanol in 
a 10 ml volumetric flask. The working standard, 100 mg/L, was prepared 
from this stock solution [1]. TLC Method for qualitative identification of 
Capsaicin. Capsaicin standard and all the eight samples were spotted in 
15 µLon pre-coated silica gel plates PolygranSilG/UV254 (Macherey –
Nagel, Germany), using micro syringe. The mobile phase employed was 
Chloroform: Methanol: Acetic acid (9.5: 0.5: 0.1, v/v/v). The plates were 
developed up to 80mm in a twin trough development chambers. The 
plate was allowed to dry in air and the spots were visualized by exposure 
to iodine vapor. HPTLC Method for quantitative determination of Capsa-
icin. Capsaicin standard and seven samples of ethanol, acetonitrile and 
methanol extracts were spotted in 3 µL on pre-coated silica gel GF254 
plates (E.Merck), using CAMAG Linomat 5 sample applicator. Before the 
application all the extracts were filtered by micro filter 0.2 µm. The mo-
bile phase employed was Chloroform: Methanol: Acetic acid (9.5: 0.5: 
0.1, v/v/v). The plates were developed up to 90mm in CAMAG twin de-
velopment chambers, after chamber saturation of 15 minutes. The plate 
was dried by the help of a heater. Densitometric scanning of the plates 
were performed at 226 nm, using CAMAG TLC Scanner 3(Switzerland)[13, 
23]. The regression coefficient, relative standard deviation, slope and 
intercept on the Y-axis were calculated by the software. The calibration 
graph was used to quantify the capsaicin content in each sample. WIN-
CATS software was employed for the analysis (Camag, Switzerland). 
 
Results. For the development of the TLC method two different composi-
tions of mobile phase were used: Water: Methanol (2:8) and Chloroform: 
Methanol: Acetic acid (9.5: 0.5: 0.1).  It was found that with the mobile 
phase, Water: Methanol no separation occurred. On the other hand the 
mixture of Chloroform: Methanol: Acetic acid (9.5: 0.5: 0.1, v/v/v) was 
proved to be the best because it gave good resolution for capsaicin with 
the values of Rf as below for each extract. The chromatograms obtained 
in TLC plates for analysis of all the extracts are shown below in Figures 
2,3, 4, 5. Thin-layer chromatography is a quick and effective method of 
separating the components of a mixture for qualitative analysis. These 
components are separated by their relative interactions with the station-
ary and mobile phase. For each TLC we measured also the Rf values. The 
upper chromatograms gave the possibility to calculate the retention 
coefficient “Rf” for each extracts applied. The capsaicin spots are identi-
fied by the standard spot or by the value of the retention coefficient. At 
the Figure 2 we find at the same level the spots of capsaicin for ethanolic 
samples and the Rf values are as described at the legend. From the chro-
matogram of the acetonitrile extracts (Figure 3) we identify capsaicin by 
comparing these spots with the standard sample level. The Rf values are 
so similar and equal to 0.525. The capsaicin extracted by ether and meth-
anol solvents is shown at the figures 4 and 5. The identification of capsai-
cin is done by the standard sample and the Rf values calculated are re-
spectively 0.562 and 0.66 for ether and methanol samples. For quantita-
tive determination of capsaicin from these extracts was used the HPTLC 
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Figure 1. Chemical structures of A) capsaicin B) Dihydrocapsaicin C) Nor-
dihydrocapsaicin D) Homocapsaicin molecules. 
Figure 2. TLC of three methods of extraction of capsaicin from samples 
using ethanol as solvent. Line 1) Soxhlet extraction the measured Rf was 
0.63; Line 2) Ultrasound extraction the measured Rf was 0.60; Line 3)
Extraction by maceration the measured Rf was 0.61. 
Figure 3. TLC of three methods of extraction of capsaicin from samples 
using acetonitrile as solvent. Line 1) Ultrasound extraction the measured 
Rf was 0.52; Line 2) Extraction by maceration the measured Rf was 0.52 
Line 3)Extraction by Collins method[22]the measured Rf was 0.52.  
Figure 4. TLC of sample extracted using ether as solvent. Line 1)Sample 
the measured Rf was 0.56 Line 2)Standard the measured Rf was 0.52 
Figure 5. TLC of sample extracted using methanol as solvent. Line 1) 
Standard the measured Rf was 0.66; Line 2) Sample extracted with meth-
anol the measured Rf was 0.66. 
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method. During this determination, all the samples (3 µL) and the stand-
ard are applied at the same pre-coated silica gel HPTLC plate. This proce-
dure is done three times. The results obtained are used to make the cali-
bration curve and to determine the capsaicin in each extract. The calibra-
tion graph was obtained by plotting the values of the areas under curve 
(AUC) of the standards as a function of the concentrations of the stand-
ard applied as shown in Table 1 and Figure 7. After densitometric analysis 
of capsicum extracts at 226 nm, the lowest amount of capsaicin, which 
could be detected was found to be 90 ng/µL and the lowest amount of 
capsaicin which could quantified was found to be 186.61 ng/µL as shown 
in Table 2. In figure 6 we have shown one of the capsaicin chromatogram 
(1200 ng) obtained during the application of the calibration curve. The 
HPTLC analyses were realized three times in 15.20C temperature and 
42% humidity. In Table 2 are shown the mean value of capsaicin content 
for each extract expressed in nano grams ± standard deviation (ng ± SD, n 
= 3) and in percentage (w/v). From the results obtained we also calculate 
the content of capsaicin in the amount of dried drug (g) used for each 
extract. The calculated values are shown at the table 3as capsaicin per-
centage content (w/w).  From these values we can conclude in the supe-
riority of extraction capsaicin by using ethanol and methanol(0.3084% 
and 0.3590%). Also the method of maceration with two solvents (ethanol 
and acetonitrile) gives the best result with the highest values of percent-
age. The extraction method according Collin’s, also a simple method, 
gave good results (0.1864%) in isolation of capsaicin from Capsicum fruits
[22].  
 
Discussion. The TLC method used in this study gave a good help in quali-
tative identification of capsaicin in these organic extracts, the obtained 
chromatograms (figure 2, 3, 4, 5) confirm this fact. The "Rf" values de-
fined show the presence of the capsaicin in all the extracts. The proposed 
HPTLC method is simple and sensitive. It also consumed less reagents 
compared with the HPLC method and this is in accordance to Rashmin et 
al (2012) [24], Patra et al (2010) [25], Bourget et al (2001) [26]. It is se-
lected to be used for quantitative determination of capsaicin, because 
the extracts do not need purification before injection as with HPLC meth-
od. The HPTLC method is recommended for herbal analyses by many 
authors (Patra et al, Subramanian et al) [14, 25]. By the HPTLC method 
applied was arrived to determine capsaicin in each extract and to specify 
the best extraction methods. Isolation of this active substance from Cap-
sicum fruits will have a great impact in the pharmaceutical industry in the 
context of costs compare with pure capsaicin.  
 
Conclusions. The amount of capsaicin among the extracts varied from 
0.009% to 0.052 %, so all the extracts analyzed in this study can serve as 
sources of capsaicin. From the results obtained we recommend as the 
most easily and appropriate methods, maceration and Collins [22]. The 
best solvents were ethanol and methanol. However the yield of the ex-
traction with methanol is better, but this solvent is not completely safe. 
By the values obtained we conclude that the ultrasound extraction meth-
od with two solvents gives the lowest result, whereas Soxhlet method 
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Standard level  Aplication Volume (µL)  Amount of capsaicin (ng)  Rf  Area (AUC)  
Standard level 1  3.0 300.00 0.36 1667.80  
Standard level 2 6.0 600.00 0.36 3321.65  
Standard level 3  9.0 900.00 0.36 4705.63  
Standard level 4  12.0 1200.00 0.36 5944.98  
Standard level 5  15.0 1500.00 0.36 7006.12  
Standard level 6  18.0 1800.00 0.36 7757.82  
Table 1. Calibration plot details for capsaicin reference standard. 
Sample  Capsaicin ng ± SD  Capsaicin %* 
Ethanol extracts    
Maceration  925.3 ±59.94  0.0308 %  
1559±143.68  0.0519 %  Soxhlet extraction  
< 270  0.0090 %  Ultrasound  
  Acetonitrile extracts  
782.0 ±45.82  0.0260 %  Maceration 
< 270  0.0090 %  Ultrasound  
Collin’s method  559.83±99.40  0.0186 %  
Methanol extracts 1077 ± 29.14  0.0359 %  
Table 2. Quantitative analyses of capsaicin in all extracts; *Capsaicin 
percentage content g/100 ml extract. 
Sample  Capsaicin %* 
Ethanol extracts   
Maceration  0.3084 %  
Soxhlet extraction  0.2078 %  
Ultrasound  0.0450 %  
Acetonitrile extracts   
Maceration 0.2606 %  
Ultrasound  0.0450 %  
Collin’s method  0.1864 %  
Methanol extracts 0.3590 %  
Table 3. Capsaicin content in drug. *Capsaicin percentage content g/100 
g of dried drug.  
Figure 6. Example of HPTLC chromatogram of capsaicin standard. In this 
run was loaded 1200 ng per spot. 
Figure 7. Calibration curve for Capsaicin standard obtained by HPTLC. 
The applied fitting curve was Y = -174 + 6.488 * X + -0.001151 * X2 and 
presented a R = 0.99995 and SD = 0.61 
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realizes the highest extraction values of capsaicin, but it is time consum-
ing (it takes approximately 4 hours), so we do not prefer and recommend 
these two methods. The analytical methods applied in this study, TLC and 
HPTLC resulted to be the appropriate methods for the determination of 
capsaicin in extracts. Both gave comparable identifications, whereas 
HPTLC can be the appropriate method and for quantification as well. 
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